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第 1 章は序論であり，本研究の背景および研究目的について述べた． 
第 2 章では，粒径の異なるフェライト鋼，炭素量の異なるフェライト・パーライト鋼を対象に，
EBSD 法を用いて，疲労き裂発生過程における 3 種類の結晶方位差パラメータ(KAM: Kernel Average 
Misorientation，GROD: Grain Reference Orientation Deviation および同一個所の方位変化(𝛥𝜃))を評価す
























第 6 章は結論であり，本研究の成果を総括した． 
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Thesis Summary 
Fatigue damage evaluation and strength prediction for fatigue crack initiation have been studied 
using electron backscatter diffraction (EBSD) method in recent years. However, some 
disadvantages remain in these technologies. For example, the fatigue damage evaluations during 
fatigue crack initiation exhibit different behaviors depending on the microstructures of the 
materials, the fatigue strength predictions give false results for fatigue crack initiation cites and so 
on. In this thesis, three evaluation methods using EBSD are developed to solve the above problems, 
i.e., the fatigue damage evaluation method by crystallographic misorientation, microscopic 
hardness prediction by crystal orientation and the crystal plasticity modelling assuming resolved 
normal stress effect. 
Chapter 1 is an introduction summarizing the background and aims of this thesis.  
In chapter 2, three types of misorientation parameters for fatigue crack initiation, i.e., KAM: 
Kernel Average Misorientation, GROD: Grain Reference Orientation Deviation and crystal 
misorientation at the same point before and after fatigue testing (𝛥𝜃) are investigated using ferritic 
and ferritic-pearlitic steels. Then, 𝛥𝜃 is the effective damage indicator independent of the material 
structure, although KAM and GROD do not always correlated with the damaged parts. 
Chapter 3 describes an estimating method for microscopic hardness in ferritic steels via EBSD 
method. The estimating equation is developed on the basis of relationships between the 
crystallographic features characterized by EBSD and the microscopic hardness measured by 
nanoindentation tester.   
In chapter 4, simple shear tests and fatigue tests for iron single-crystals with different 
crystallographic orientations under axial loadings are conducted by small test pieces in the axial 
directions with [110] or [123]. The load-displacement curves indicate that specimen with [110] 
direction has higher stress than that with [123] direction, while the shear fatigue limit expresses an 
opposite tendency that specimen with [123] direction is higher than that with [110] direction. 
Chapter 5 devotes the new crystal plasticity model assuming the decrease of critical resolved 
shear stress owing to the resolved normal stress on a slip plane to numerically simulate the results 
in chapter 4. The computational analyses using the present model can simulate the experimental 
results of simple shear tests and similar saturated value of the slip range in the fatigue test with 
different crystal orientations and axial loading conditions. Therefore, it can be said that the present 
model predicts the yield behavior and fatigue limit of single crystals.  
Chapter 6 summarizes conclusions obtained from this study.  
 
